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The invention relates to a novel process for the manufacture of very low molecular weight polyphenylene ether resin, typically within
the intrinsic viscosity range of about 0.08 dl/g to about 0.16 dl/g as measured in chloroform at 25 °C. The method preferably comprises
2,6-dimethylphenct as a monovalent phenol species, The invention also relates to the pelyphenylene ether resin made by the process as
well as blends and articles containing the polyphenylene ether resin made by the process. .
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BACKGROUND OF THE INVENTION

1. Field of the invention

The invention relates to a novel process for the manufacture of very low
molecular weight polyphenylene ether resin, typically within the intrinsic
viscosity range of about 0.08 dli/g to about 0.16 dl/g as measured in
chloroform at 25°C.

The invention also relates to the polyphenylene ether resin made by the
process as well as blends and articles containing the polyphenyiene ether
resvin made by the process.

2. Brief Description of the Related Art

Polyphenylene ether resins (hereinafter “PPE") are commercially attractive
materials because of their unique combination of physical, chemical, and
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I ncl udi ng, €. ene yrene, ABS, pol ycarbonate,
pol yet heri m de pol yam des, pol yest ers and the like and al so thernosetting
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the reaction mixture. The catalyst metal, after being converted into a soluble
metal complex with the aid of a chelating agent, is removed from the polymer
solution with standard extraction techniques, such as liquid-liquid extraction.
The PPE polymer can be isolated in a variety of methods aithough generally

by anti-solvent precipitation.

As new commercial applications are sought for PPE, a wider range of intrinsic
viscosity resins, especially lower intrinsic viscosity resins, have been desired.
As intrinsic viscosity decreases in PPE resins, the level of hydroxyl groups
increases and the rheological properties change dramatically (lower viscosity
as intrinsic viscosity decreases) as compared to current commercially
available high molecutar weight PPE produced by the methods previously
described. The physical properties of PPE remain highly desirable and
sought after in applications such as, for example, adhesives, sealants and
gels based on SBC, SBR, or epoxies for automotive, housing, cabeling,
membranes and electrical applications. Also, epoxy based composites for
aerospace, automotive structural members and sporiing equipment are
desirable applications as are electrical laminates, and IC encapsulation
materials based on epoxies and unsaturated polyesters. Friction materials
and abrasives compounds based on phenolic are aiso sought after. PPE is
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of about (P..OS dl/g to about 0.16 dI/c? as neasured in
t is therefore apparent that a need exists for the development of processes

for the manufacture of very low molecular weight polyphenylene ether resin,
typically within the intrinsic viscosity range of about 0.08 dl/g to about 0.16
dl/g as measured in chioroform at 25°C.

SUMMARY OF THE INVENTION

The needs discussed above have been generally satisfied by the discovery of
a process for preparing PPE having an intrinsic viscosity within the range of
about 0.08 dl/g to about 0.16 difg as measured in chioroform at 25°C
comprising oxidative coupling in a reaction solution at least one monovalent
phenol species using an oxygen containing gas and a complex metal catalyst
to produce a PPE having an intrinsic viscbsity within the range of about 0.08
difg to about 0.16 dl/g as measured in chloroform at 25°C; removing at least a
portion of the complex metal catalyst with an aqueous containing solution; and
- isolating the PPE through devolatilization of the reaction solvent.
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provides a nethod to reduce the nunber of fines having a particle size

| ess than about 850 mcron in polyphenyl ene ether wherein the nethod
conprises underwater pelletization of the polyphenyl ene ether resin. 3a 4
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a particle size less than about 850 micron in polyphenylene ether wherein the method

comprises underwater pelletization of the polyphenylene ether resin.
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for QL. Most often, each Q is alkyl or phenyl, especially C .4 alkyl, and
each Q is drogen. Bot h _honopol ynmer and copolyner PPE are included. The
preferred Dﬁﬁﬁ%ﬁa PhRF £HE PRA cont ai ni ng 2, 6-di net hyl -1, 4- phenyl ene
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units in Retgppidaode Wi th (for exanple) 2,3,6-trinmethyl- 1,4-phenylene
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grafting vinyl nononers or polynmers such as polystyrenes and el astoners,
as well as coupled PPS. in which coupling agents such as | ow nol ecul ar
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chains to

This invention provides for a process for the preparation of low molecular
wéight PPE, preferably having an intrinsic viscosity between about 0.08 dlfg
and 0.16 di/g, by oxidative coupling at least one monovalent phenol species,
preferably at least a portion of which have substitution in at least the two ortho
positions and hydrogen or halogen in the para position, using an oxygen
containing gas and a complex metal-amine catalyst, preferably a copper (i)-
amine catalyst, as the oxidizing agent and extracting at least a portion of the
metal catalyst as a metal-organic acid salt with an aqueous containing
solution, and isolating the PPE through devolatilization of the reaction sotvent.
In one embodiment, the process affords a PPE that has less than a 10%
increase, preferably less than 5% increase in intrinsic viscosity after heating
into the melt phase. In another embodiment, the process affords a PPE that
has less than a 10% decrease, preferably less than 5% decrease, most
preferably less than 3% decrease in intrinsic viscosity after an equilibration
step following the oxidative coupling reaction.

The PPE employed in the present invention are known polymers comprising a
plurality of structural units of the formuia



produce a hi gher nol ecul ar wei ght pol yner, provided a substanti al '
proportion of free OH groups remains. Also included are PPE} A4gushAP@3 ni ng

a functional endgroup, obtained fromreaction with a reactive conpound
having the functional endgroup. The | ow nol ecul ar wei ght PPE gener ally

have a num¥? %%¥873hge nol ecul ar weight within the range of BHpWUIoRIEY t o
about 7000 and a wei ght average 5 4 August 2003 WD 00/ 46273 PCT/ US99/ 29059

nol ecul ar weight within the range of about 2500 to about 15, 000, as

determ ned ' y gel perneation chronmatography, with a preferred nunber

aver age nol i ght within the range of about 1750 to about 4000 and a
wei ght average Kecul ar wei ght within the range of about 3500 to about

ed by gel perneation chronmatography.. Alternatively, the

intrinsic vis (hereinafter "I.V.") of the | ow nol ecul ar wei ght PPE is
nost often i N& range of about 0.08-0.16 dl./g., preferably in the range
of about 0.Q%-0.1@ldl./g., as neasured in chloroformat 25C. The PPE are

typically prepared by the oxidative, coupling of at |east one
nonohydr oxyar omati ¢ conpound such as 2, 6-xyl enol, 2,3,6-trinethyl phenol,

or _m Xt ur esherkirt leachosiegrtineg. uifBiidy Yo ! ithe 36 dRABHE! Lifa GPLAYEd f or
such couplin anfi I%.ge y(gii cal]ly contain at |east one hedvy netal conpound
such as asé%%ﬁg?,u rf%/ﬁﬁtl?e e!s Brepetigntlychaipsandprimanabr secondamytiowat i on

W th vari ey otiher [€lebftatnind t LM e Rﬂ:ﬁfe t hose skil | in the
art fromthe fgregoeinﬁsb tchat tlﬂg 'F”é\’nEH cgntcgrrp atée}érrfsﬁ' t‘ﬂ%e r"eé@‘\‘?glgﬂvention
i ncl ude a@minpaliy!, d’ﬂ)egegarbpnamvm: hailomyapeartionexpf wHardiat 40 Msadt Ntwo
structuralca%r} sat&%saggﬁér!e\%r ¥né mea%gcee}nl afne to%SSh atoms; and each Q° is

independently hydrogen, halogen, primary or secondary lower alkyl, phenvi,

haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for Q'. Most
often, each Q' is alkyl or phenyl, especially C,, alkyl, and each Q2 is
hydrogen.

Both homopolymer and copolymer PPE are included. The preferred
homopolymers are those containing 2,6-dimethy!-1,4-phenylene ether units.
Suitable copolymers include random copolymers containing such units in
combination with (for example) 2,3,6-trimefhyl-1,4-phenylene ether units.
Also_ included are PPE containing moieties prepared by grafting viny!
monomers or polymers such as polystyrenes and elastomers, as well as
coupled PPE in which coupling agents such as low molecular weight
polycarbonates, quinones, heterocycles and formals undergo reaction in
known manner with the hydroxy groups of two poly(phenylene ether) chains to
produce a higher molecular weight polymer, provided a substantial proportion
of free OH groups remains. Also included are PPE ‘s containing a functional
endgroup, obtained from reaction with a reactive compound having the
. functional endgroup.

The low molecular weight PPE generally have a number average molecular
weight within the range of about 1250 to about 7000 and a weight average
5



The pol ynerization of the phenolic nononer nmay be carried out by adding the
phenol i ¢ nononer or nononers to a suitable reaction solvent 4&\’@%5?@0& abl y,
a copper-amne catalyst. It is preferred to carry out the polynerization in
the presence of a cupric or cuprous salt-secondary am ne catal yst such as,
for exampl® "E8pt ¢ chioride and di-n-butyl anine. The pol yn@??éé?%’@ﬂ%g are
advant ageously carried out in the presence of an inorganic al kali netal
brom de or an al kaline earth netal brom de. The inorganic brom des may be

used at ameegellanf weighth witbim the lrargee dfoabbout25080 teokesupers 469 mgl es of
phenolic Rpome These cat al ¥st materials are described in U'S. Pat. No.

3, 733, 299 9 B'B‘é‘?d ebY Jely PerReaten |SromaRgraniikaMith whyprafesedausmsroyed
t ' LRk walES i | scf in LS. Pat,  No.

3 oB5 207 e O LA g B B T e R Bl 200 A 00856 The
primary, ¥Ye&ightdarsrage meleguiar waighiewsbimptheenangd of habauatt 350G tto camlt ex

| i in U.S. Pat., Nos.. 3,306,874 and
3306 875 ST, EP AP Erihed By ol e hoaoated by o Aeriaityely. dbe ad ng
al i phat i cintomsie visubsity-(hetetesftehar.ty dheabivDilddular YURHE PP ?sﬁﬁc{s@i ght or

atl C

branched chain drocarbgn or cycloaliphatic. Preferred™are alip
primry, © @Bd?lg%?)faaﬁﬁ O(c%e"t‘tiqLﬁrdjlgﬁ‘[an@lrﬁl-fﬂas PEgfgrakly tn 4hg rahgeiafezhout

Especi al | ned .ar el frJ r) al kyl amines, the alkyl
groups hagi1r?56'q1f‘4$cg'/ 1 atgorﬁ%gg’g}lré dﬂ%g%oén@rrﬁéﬂpéécg;'l y, there can be used
nono-, di- and tri- nethyl, ethyl, n-propyl i-propyl, n-butyl substituted

am nes, nbhe-PRhdaw typigalholpeapared bg, thet byidatvd douiThgeof BPNEAGR! bR,

N- (| | kyl Loal i phat i j nes, “N-net hyl cycl ohexyl ami ne,
N, N o af PRl elTanin comaid Rick 25 A BRapanatr ameibgonen, |

NN N - tor plikbiteeiof aRe dorsidieg. GBfId1Systems are generally employed for
such coupling and they typically contain at least one heavy metal compound
such as a copper, manganese, or cobalt compound, usually in combination
with various other materials.

it will be apparent to those skilled in the art from the foregoing that the PPE
contemplated in the present invention include all those presently known,
irrespective of variations in structural units or anciliary chemical features.

The polymerization of the phenolic monomer may be cafried out by adding the
phenolic monomer or monomers to a suitable reaction solvent and preferably,
a copper-amine catalyst. It is preferred to carry out the polymerization in the
presence of a'cupric or cuprous salt-secondary amine catalyst such as; for
example, cupric chloride and di-n-butylamine. The polymerizations are
advantageously carried out in the presence of an inorganic alkali metal
bromide or an alkaline earth metal bromide. The inorganic bromid'es may be
used at a level of from about 0.1 mole to about 150 moles per 100 moles of
phenolic monomer. These catalyst materials are described in U.S. Pat. No.

3,733,299 (Cooper et al.). Tetraalkylammonium salts may alse be employed
as promoters if desired. These promoters are disclosed in U.S. Pat. No.
3,988,297 (Bennett et al.).



like. In addition, cyclic tertiary am nes, such as pyridine, '

al pha-col i di ne, ga?]/’ma pi coline, and the |like, can be useq‘.1 AEQH@@OQPI y
useful are N,N,N ,N - tetraal kyl et hyl enedi am nes, butane-di am nes, and the
like. Mxtures of such primary, secondary and tertiary am nes may be used.
A preferrB@ W6 3al kyl amine is n-butyl amine; a preferred RETVINRIGH ne
is di-n- butyl amne; and a preferred trialkyl amne is triethylamne. A
preferred cyclic tertiary amne is pyridine. The concentration of primary
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about 500 Pranchisstghaindydretarsonor sitieeliphatic. Iefermdarealiphaticrimary, wat er
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used as aprefaeed| angi monBy,edi- saml ﬂrielebwrph alitys aﬁﬁﬁéﬁ%;téu{gm?{ grt%ﬁ‘%lgbﬁ/éw"@{j _4627ﬁe
PCT/ US99/ 29059 tertiary diam nes, .sych as N, N, N N -tetranethyl but anedi am
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Typi cal expdtRile VB | . FOELESH RS RSt ka 0 _process
a%/g shown in "E %é%gyggt ent’?ﬂ) 'e;he %[Zl %@%H@.ﬁ%ﬁ?rﬁ#ﬁg&, @(@%I én& r(:ijrous
chl ori de, CY@!QB@@(!@”@Q}rﬁfﬂﬁm&th}ﬂt’a@msesmdrahelmecdﬁ(lowr)aaikyl&:ch?l@?l&: t
tetram ”e‘aﬁﬁﬂé ttrch S&'RI-AERNAEFLBE SeyisH r{eqLﬁ,bP—%aﬁ&ﬁteﬁiyiecnu diamines the
cupric chloride, cupric

N,N'-dialkylpropanediamines, the N,N,N,-trialkylpentanediamines, and the

like. In addition, cyclic tertiary amines, such as pyridine, alpha-collidine,

gamma picoline, and the like, can be used. Especially useful are N.N,N',N'-

tetraalkylethylenediamines, butane-diamines, and the like.

Mixtures of such primary, secondary and tertiary amines may be used. A
preferred mono alkyl amine is n-butyl amine; a preferred dialkyl amine is di-n-
butyl amine; and a preferred trialkyl amine is triethylamine. A preferred cyclic
tertiary amine is pyridine. The concentration of primary and secondary amine
in the reaction mixture may vary within wide limits, but is desirably added in
low concentrations. A preferred range of non-tertiary amines comprises from
about 2.0 to about 25.0 moles per 100 moles of monovalent phenol. In'the
case of a tertiary amine, the preferred range is considerably broader, and
comprises from about 0.2 to about 1500 moles per 100 moles of monovalent
phenol. With tertiary amines, if water is not removed from the reaction
mixture, it is preferred to use from about 500 to about 1500 moles of amine
per 100 moles of phenol. If water is removed from the reaction, then only
- about 10 moles of tertiary amine, e.g., triethylamine or triethylamine, per 100
moles of phenol need be used as a lower fimit. Even smaller amounts of



brom de,. cupric sulfate, cupric azide, cupric tetram ne sulfate, cot'ég)%ri C
acetate, «cupric butyrate, cupric toluate, and the |iKke. Pr 8 MOMElP pr ous
and cupric salts include the halides, al kanoates or sulfates, e.

g.,
cuprous bro@fas#3d cuprous chloride, cupric brom de and cup L de,
cupric sul?’ge, chpri ¢ fluoride, cuprous acetate and cupri g;dg?eﬁbg?g‘#bwm

primary and secondary am nes, the concentration of the copper salts is
desirabl e, mai ntaj ned | ow and referably varies fromabout 0.2 to 2.5 noles
per. 100 H¥fiey grmipgsysHehtas Bhféri‘bN.*tQNanhetmbutmgﬂ@nﬁineesantm usedper salt
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al so grea I ncreases the ra of o e tilization in the early stages
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in the reactor. A process for the preparation a use of sult
copper - ant$RIOEat246lgtes GuprpHs udyraget cuplous 3obmte 4¢6piCamparidest cigdric . A

rosurts 1o omide. EARG S0 Bubl SldhE AR Hravbing Sftleachand BBl n (ne
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from t he fluetigep ougrown asetatheardi wopric Moetatez aWithn paifndrpeand secondary
amines, the concentration of the copper salts is desirable maintained low and
preferably varies from about 0.2 to 2.5 moles per 100 moles of monovalent
phenol. With tertiary amines, the copper salt is preferable used in an amount
providing from about 0.2 to about 15 moles per 100 moles of the monovalent
phenol.

Cupric halides are generally preferred over cuprous halides for the
preparation of the copper amine catalyst because of their lower cost. The use
of the copper (1) species also greatly increases the rate of oxygen utilization in
the early stages of the polymerization reaction and thel lower oxygen
concentration in the head space of the reactor helps in reducing the risk of fire
or explosion in the reactor. A process for the preparation and use of suitable
copper-amine catalysts is in U.S. Pat. No. 3,900,445 (Cooper et al.).

A faster initial reaction rate with the copper () based catalyst also resuits in

less accumulation of unreacted monomer and a reduction in the amount of

undesirable tetramethyldiphenylquinone produced. The

tetramethyldiphenylquinone, a backward dimer, is believed to incorporate into

the PPE through equilibration reactions. The equilibration reactions lead to a

drop in the intrinsic viscosity of the PPE due to the decrease in molecular
3



t et ramet hyl di phenyl qui none during the oxidation coupling is desirable so as.
to avoid the drop in nol ecul ar weight and the acconpanyi ng?dUe#steao8i es in
having to build to a higher than desired nol ecular weight to offset the

| oss durin equilibration of the backward diner. It was unexpectedly found
that the 8"%5@?\‘? nvention affords a process in which the F’%’Pﬁ”{zﬁ@‘
reaction mxture shows |ess than a 10% drop, preferably less than a 5%
drop, nost preferably less than a 3% drop in |I.V. during an equilibration

step aft erweiyht @fitdatPRE freul theentagbiationodf tine dirhenolNiipiriRZAGERT & thehe
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such as benzs8%: I I 0= di.echl are
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di chl or ondphbwitd td =2 highenltbanelehziee raoldcuiar oighb & fseh eherysalkisinge used.
The wei ght_ratio.bet n solvent. and nmononer is nornal]y in the range from
17 to S0 irdngs R Fackia Shen) df dies dheipestachid foindriaat dnso

bet ween gobyent invapticmREBRTs & pré¢adiseihalhithi el PPENANAE baefidbd nlixiue 100 1 by
wei ght. One unexpected advantage of the present process to nake f‘ow

i ntrinsi c sShavwscigspithamae!Q% drapt preferplvdess thanie 3% adtopgmast posferable as

conpared t t: eq,hi L i apQ. 2 ) PPE. Wt hout the

i ncr eased '8%%%?'??3%?? é"é@@.'?ﬁu‘?q}w %Qté%udﬁ%rgﬁgpaﬁ?#ya\%%rc Qﬁ'idégwﬁi gh

nol ecul ar pedyrgbtizatpnl githe, ptdnelid momonsok] ds concentrati on can be increased
by at least 20% wth increases of 30% or nore possible. Thus, the present

process affords,a  method for increa?ed eactor “utilization and

et hod .
product i vithF RCDABEHZAU0, FeAGtinY FrreTerpbly BRrfRIMBErinoR $9lkente2uitablgessel s.
The procesphaiis Rais60s6@Melithd @%vfe%té@%wlp\é&@ﬁt'ﬁz ah;ha'gatié %fwe%&? - ed

reaction tine, tenperature, .oxygen flow rate and the | are nodi
based on tSHEh as henzenegialuens, cillylkezens, ghtenrsaned @-dithtorebepzéng acd t he

pol ymeri Zlh@pialiy  preferred, aithough tetrachloromethane, trichloromethane,
dichloromethane, 1,2-dichloroethane and trichloroethylene may also be used.
The weight ratio between solvent and monomer is normally in the range from
1:1 to 2011, ie. up to a maximum 20-fold excess of solvent. The ratio between
solvent and monomer is preferably in the range from 1:1 to 10:1 by weight.

One unexpected advantage of the present process to make low intrinsic
viscosity PPE is that a higher solids loading is possible as compared to
processes that make higher (i.e. >0.28 LV.) PPE. Without the increased
solution viscosity build that concomitantly accompanies high molecular weight
polymer, the final solids concentration can be increased by at least 20%, with
increases of 30% or more possible. Thus, the present process affords a
method for increased reactor utilization and productivity without increasing the
size or number of the reactor vessels.

The process and reaction conditions for the polymerization, such as reaction

time, temperature, oxygen flow rate and the like are modified based on the

exact target molecular weight desired. The endpoint of the polymerization is

conveniently determined with an in-line viscosity meter. Although other
9



conveniently determined with an in-line viscosity neter. At ough ot her 9
4 August 2003 WD 00/ 46273 PCT/ US99/ 29059 net hods such as rraﬁ!rli‘l‘g ARl ar
wei ght nmeasurenents, running to a predeterm ned reaction time, controlling
to a' specifi dgroup concentration, or the oxygen concentration in

sol ution nﬁ@ég‘ﬂéﬁg?%e utilized. The tenperature to carry out FHREUS/29059

pol yneri zati on stage of the invention generally ranges fromabout 0C to
about 95C. More preferably, the tenperature range is fromabout 35C to

about 45C pidihodd&uehghs’ maRag) irﬁaecﬁ'@méwrmeagaferh@ﬁts,eﬁ@mﬁfnq §5.Cy1 on.
At substantially higher tenperatures, - side reactions can occur “leading to

reacti on bpresieteriingd anagtion enfi@eat rassrollingubde am'i aspecifieterendgreup

et may SRR, SE o ey ER T SELRORTHEY el bl 171 ne

catal yst after the end of the polynerization reaction. For exanple,

sul furic aThe, tememdraturactal, carymanit uthes aldianetizastidr atage sall tise aindentédni ous
chel ati ng agents may be géed. When t hese materials are added to a PPE
c

reacti on s@ l@ﬁragy],ra[%ggs Berabost {&' G atonapout 38 6mes Magsi Seefetabivd thaur t her

oxi dati on t y?ﬁ;,%/ A f.er LAr.l e ed but it
Is prefer r%ﬁe&ﬂgﬁn&r%s? E%g@ﬁ};ﬁe a :ls‘fr’]ugé'atgen S t'?%a@ %@éih%%%gggéﬁw u-s
Pat. No. 3tehdtkrafiRe(Rennbbtersd ofiredctiofhe Aisribstartiagl aligher agnpémtires) ude
polyfunctiqgal car boxylic acid containin conpounds such as, for exanple,
sodi um pot $S8irgACHANS $2R CCH teading 19 ipp byskfoglucherand atitemperateres.

gl yci ne an 1RlibY pr-@é%ﬁ%lpélgf ReYn W elected from _

pol yal kyl e%'letﬁ%@gn?ne So’llycar boxyl(ll';’c a%mﬁs%dgﬁ%”?iopol ycar boxyl i ¢ aci ds,

am nocar boxyl i ¢ aci ds, am nopol ycarboxylic acids, am nocarboxylic acids,

pol ycar boxMieny divirae extichctargs roraihedatingregants mikale needan tthe mraeticeoof ni xed
al kali the invention to complex with the catalyst after the end of the polymerization
reaction. For example, sulfuric acid, acetic acid, ammonium salts, bisulfate
salts and various chelating agents may be used. When these materials are
added to a PPE reaction soiution, the copper-amine catalyst becomes
poisoned and further oxidation does not take place. Many different materials
may be used but it is preferred to empioy those chelating agents that are

disclosed in U.S. Pat. No. 3,838,102 (Bennett et al.).

The useful chelating agents include polyfunctional carboxylic acid containing
corhpounds such as, for example, sodium potassium tartfate, hitrilotriacetic
acid (NTA), citric acid, giycine and especially preferably they will be selected
from polyalkylenepolyamine polycarboxylic acids, aminopolycarboxylic acids,
aminocarboxylic acids, aminopolycarboxylic acids, aminocarboxyiic 'acids,
polycarboxylic acids and their alkali metal, alkaline earth metal or mixed alkali
metal-alkaline earth metal salts. The preferred agents include
ethylenediaminetetraacetic acid (EDTA), hydroxyethylenediaminetriacetic
acid, diethylenetriaminepentaacetic acid and their salts. Especially preferred
are ethylenediaminotetraacetic acid or a mono-, di-, tri- and tetrasodium salt
thereof and the resulting copper complex can be referred to as a copper

carboxylate complex.
10



met al -al kaline earth netal salts. The preferred agents i-ndg%@g 2003,
et hyl enedi am netetraacetic acid (EDTA), hydroxyethyl enedi am P?f@ I C
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to as a copper carboxylate conplex. 10 4 August 2003 WO 00/ 46273 .
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10: 1 parts by volune of aqueous |iquid extractant to screte organic .
phase. Thanrakangldipvigiframyéderabiow dcearbpnatemen Gaoerally froruiabontdty . Anti -

I t tilgzed in c | nat | tth the aqueou dia to help
ari ve t e DRcBlE B0 Y VolARof 3naRIhATS Bich) ey B8 ST0RUER: offese an
appr opr i ataticanmaysry dérim iaboua 9edt :pantatautyi 0on daie t tﬁ}gw[@rﬁﬁhé Eyﬁiageegjgair g I"ent

[ [ ' ) e ha
Pi ghl'y i nOOPG eI B O BEr e RO IRTIC Hes. at 25C. are - 4.49, - 8. 23 and -
11.96 for CQudl, CuBr and Cul, respectively. Solubility in water is -
i ncreasedThy fdaetibneseane @ erﬁ)&c%@ﬁwi‘seaa!ah?ﬁ%mm GirbArelE T ApALION

of, e.g., Cud2, CUCI3 , an_(g.1 Cud 4 and by o rconpl exing species. _
Non- | i i t PPIYCRIBaGRN a@foobe dfilized dn \ombinatiguMdthcthepagseousomenid 6 hbfpr  wei ght
al kyl andyafOMRb! ordMBARA MNfhe copper (1) species. The selection of an
appropriate anti-solvent is based partially on the solubility co-efficient of the
copper (1) species that is being precipitated. The halideé are highly insoluble
in water, log Ki,values at 25°C. are - 4.49, - 8.23 and - 11.96 for CuCl, CuBr
and Cul, respectively. Solubility in water is increased by the presence of
excess of halide ions due to the formation of, e.g., CuCl,, CUCl, , and CuCl,
and by other complexing species. Non-limiting examples of anti-solvents
would comprise low molecular weight alkyl and aromatic hydrocarbons,
ketones, alcohols and the like which in themselves would have some solubility
in the aqueous solution. One skilled in the art would be able to select an

appropriate type and amount of anti-solvent, if any was utilized. _

One unexpected advantage of the present invention to make low molecular
weight PPE (i.e. PPE having an V. in the range of about 0.08-0.16 di./g.) is
the reduction in LV. variation and molecular weight of the PPE after the end of
reaction. In the processes of the prior art to make higher intrinsic viscosity
resin, i.e. LV. > 0.28 dl/g., after the end of reaction the PPE is held at elevated
© temperature, typically between about 45°C to about 70°C for between about
45 to 90 minutes, while the catalyst chelating species as described above is
added and allowed to react. During this equilibration process, the previously

11
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renoval dff rebhetiogat al yst, the PPE containing solution is

After removal of the catalyst, the PPE containing solution is
concentrated to a higher solids level as part of the isolation of the PPE.
Precipitation using standard non-solvent techniques typical for PPE having
I.V.'s greater than 0.28 dl/g are not generally useful for isolation of low
molecular weight PPE due to the small PPE particle size and friability of the
particles. Very low vyields are obtained with undesirable fractionation of
oligomeric species. A total isolation process is preferred for isolating the PPE.
As part of the total isolation, a portion of the solvent is preferably removed in
order-to reduce the solvent load on the total isolation equipment,

Concentration of the PPE containing solution is accomplished by reducing the
pressure in a solvent flash vesse! while preferably increasing the temperature
of the PPE containing solution. Pressures of about 35 to 50 bar are desirable
with solution temperatures increased to at least 200°C, preferably of at least
230°C. A solids level of PPE of at least 53%, preferably of at least 65% or
higher is desirable.

The isolation of the PPE is typically carried out in a devolatilizing extruder
although other methods involving spray drying, wiped film evaporators, flake

evaporators, and flash vessels with melt pumps, including various
12.



concentrated to a higher solids |evel as part of the isol atl%?jl of é@%ﬁ PPE.
Precipitation using standard non-sol vent techni ques typical U avi ng
|.V."'s greater than 0.28 dl/g are not generally useful for isolation of |ow
nol ecul ar wei ght PPE due to the small PPE particle size and friability of
the parti E’I‘k‘g’!“ﬁ%"ry | ow yi el ds are obtai ned wi th undesir abPETH4EIMhat i on
of oligoneric species. Atotal isolation process is preferred for
isolating the PPE.- As part of the total isolation, a portion of the
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PPE of at | 55% _preferably of at ast 659 her is desirable.
The | sof aGUBATEANeneT e [ASTPIRERERy e SONGYET AL 18 SABUPLISIPY g
extruder RhidMetedinahBesrioralbesks étBMQ'a‘é,'eﬂﬁ/ SRERH¥ ﬁHMémﬂngnEiq $80tibh Wi
evaporators, flake evaporators and flash vesSels wth punps, ,

i ncl udi ng neaeswsjybg lsaial&@msthem WD 00/ 46273 PCT/ US99/ 29059 conbi nati ons
i nvol ving these nethods are also useful and in some instances preferred.

pS Prevt ol busifishid BSugbl Sha' SRLBLIAN A3 WGRIPIANNY LA NEpipkhy 00! Nt

that ol igoneric Speci are no renove
preci pi t atrivaive La me serew sxtratieo requipgieds vsanherr&)tﬂips!ennérytidy @bcﬂ@@b goe near

guantitativ hese tech es requir owever that the catal yst renoval be
ot ot ashRenh s b IS rabl of R eEhnhig arbondna, preataby 1 on
wi Il necegpgéntrateBsd Rt &ttainthg (M PPE is fed into the devolatilizing extruder
and maintained at a temperature less than about 275°C, and preferably less
than about 250°C, and most preferably between about 185-220°C with
pressures in the vacuum vent of less than about 1 bar. The resuitant solvent
level is reduced to less than about 1200 ppm, preferably less than about 600
ppm, and most preferably less than about 400 ppm. Furthermore, it was
unexpected that temperatures as low as less than 250°C and preferably
between about 185-220°C would be useful and preferred as current PPE
having an [.V. of >0.28 dl/g generally require a temperature of 300°C or higher

in similar total isolation processes.

Ancther unexpected result obtained through the use of a devolatilizing
extruder was the extremely high vield of PPE achieved in the process. For
example, a PPE yield of over 99% was obtained even for PPE having a low
I.V. whereas in the precipitation process Rnown in the art, the yield of similar
low I.V. PPE was less than 90%. Thus, the present process comprising a
devolatilizing extruder affords a method to prepare low molecutar weight
polyphenylene ether resin, typically within the intrinsic viscosity range of about
0.08 dl/g to about 0.16 di/g, in a yield of over 90%, preferably over 95%, more

13
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Devol atilizing extruders and processes are known in the art V. a

invol ve a twi n-screw extruder equipped with nultiple venti n@a‘é‘gﬁ?t 2%95 for
sol vent renoval . In the practice of the present invention, the preheated

concentr at | on containing the PPEis fed into the devol atilizing
ext r uder %d{ﬁ)rral Ntained at a tenperature |ess than about 278G/USHIE9059

preferably |less than about 250C, and nost preferably between about
185-220C with pressures in the vacuum vent of |ess than about 1 bar. The
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For exanpl e, a PPE
Jiel d of Soarcalt PIowel (o AhGIRE bl MG BBl (RebCoainbiGas 0
the preci DQSL&tsmIaStpmabbls@Jé(tmm law it etréngthhand ifiefleff baE r'\é‘lrure pw 1.

I 90% . e present process conprising a
(Fj)g\lfo}lv:tsl I %93‘['? LWsie é;ﬁzog dgt ﬁ’gﬁJPH'B@I that pregial relleization dechriquei ght

t n iscpsi.ty range
pol gggﬁtnybmgge%ﬁa)@;nét ScRe lofffictiely g‘,‘jglgrfﬂ’a éé%hb@;h& Sf('}éliu}ﬁgoo e&?%q er abl y
over 95% Pa¥atization 4inglusling mwﬁ@roml?aﬁﬂoﬁ@mwmﬁin@%%mﬁgjn (e)a\r/ afge%t over
98% and ased upgn
ohonol u{*g@@d@@@ﬁ&f@ﬁé%@ géo %;gr%llngng’m vibi) Eilonngi)rc;p pe!letlzahon with
underwater pelletization espec:lally suitabte. .

It was unexpectedly found that underwater pelletization resulted in a
significantly lower color in the PPE as compared to the standard stranding
with water/air cooling followed by pelletization techniques. Yellowness index
(Y1) numbers of less than 30, and even less than 25 are achievable as
compared to Y| > 50 achieved with the standard stranding technique. It
should be apparent that the present process affords a method of preparing a
PPE with a Y1 of less than about 30, preferably less than about 25.

Another unexpected benefit of underwater pelletization of PPE, especially low
LV. PPE, is that very low (less than about 3% by weight) fines, defined as
pellets (i.e. particles) of less than 850 microns in size, could be obtained. It
should be clear that the present invention includes a method to reduce the
number of fines having a particle size less than about 850 micron in
polyphenylene ether wherein the method comprises underwater pelletization
of the polyphenylene ether resin. A preferred embodiment includes a method
to reduce the number of fines having a particle size less than about 850

" micron to less than about 3%, preferably less than about 1.5% by weight
based on the total weight of the peilets.

14



When using a devol atilization extruder for the total isolati %'n Oftoéofbg PPE,
it was found that traditional underwater or water spray cocd)l %55 t
of extrudate followed by chopping the extrudate into pellets gave

unaccept ab] |ts presunably due to the lIow nelt strengt T@@% I rent
brittle nath ro‘gﬁtgfﬂ | ow nol ecul ar weight PPE. It was found tt‘f?& g)ég)gf
pell etization techniques can overcone these difficulties. Useful

techni ques include die-face pelletization, including underwater

pel | eti zaTherotdectetl BREnpellele chhrbendriadglsing sédtanguds stfidazatih aRe &Hi NY

wat er spr a\ém%%and élr br a(é_iMon grg% pel-l efi zation with underwater

pel I eti zall FRIYTHGE) WHPEabRIEh PE cRANYAMS RN daysrst Buiddbedfatand

under wat efhaPfiitd eth&RinfHhtictS Bt LR iafd 9B} iy AN l.9r i, the
PPE as corrgar ed to the stgﬁ'?iartéi s?‘?-@r?glnﬁ{;é g\?\“olrﬁ wa é%r{eﬁ ?Eéot(?)él)ir%égd' ol I oned

by pel | et detetrrhinedtimcone gfi ekill irvéhd arvdtiwit nddue ekielinamdgors of | ess than
30, and even less than 25 are achievable as conpared to Yl > 50 achi eved

oresent - prbeaerigefed A RRRb LAY R Frnaptiee it RS of 1 ese ¢ han

about 30, preferably |ess than about 25. Another unexpected benefit of :
underwat er pelletization of PPE, especially low I|.V. PPE, is that very |ow
(l ess than about 3% by weight) fines, defined as pellets (i.e. particles)

of less than, 85 i,crons .. n, size, ¢o e . obtained. It should be clear
that the PBrédeh aﬂpvcgsrﬁ %‘L'eq It Stfé'gwﬁl ﬁ%gﬁgﬁr ?@er@&féét‘@%@e RYABEGN. of. fi nes
having a 1AarfollohMgsbxampRSS stV DBy wBYGLIMIGERRIOR arkChyPRITYLENE et her
wherein the nethod conprises underwater pelletization of the pol yphenyl ene
et her redimitati®Npr ef erred enbodi nent includes a nethod to reduce the nunber
of fines having a particle size | ess than about 850 mcron to | ess than

about 3%g igsably |l ess than about 1.5% by weight based on the total
wei ght of the pellets. 14

Polymerization Reaction;

A typical laboratory reaction recipe and reaction conditions are indicated
below:

The catalyst solution can be prepared by stirring 0.41 g of cuprous
bromide and 10.9 g of di-n-butyl amine in 100 m! of toluene. The catalyst is
transferred to a one liter stirred glass reactor equipped with an internal cooling
coil and inlet tubes for oxygen and monomer. A rapid stream of oxygen is
introduced near the bottom of the reactor and a solution of 70 g of 2,6-xylenot
in 100 mi of toluene is added through a metering pump, over a period of
fifteen minutes, to the rapidly stirred solution. The temperature is maintained
initially at about 40°C to about 45°C/48°C towards the end of the run by
circulating water from a constant temperature bath through the cooling coil.

“Molecular weight build is continuously monitored with a typical reaction time to
target |.V. of about 100-107 minutes.

15
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4 August 2003 WD 00/46273 PCT/ US99/ 29059 The col | ected PPE R?\lh’l ettszc?'@ n be
dried using techniques standard in the art including centri 85? gers,
bat ch or continuous oven' dryers, fluid beds, and the |ike. Determ nation
of an appropriate set of conditions can be readily determ ned by one of

skill in t REO8¥#2% t hout undue experimentation. Al patents BEFTHEIHRP059
reference are incorporated herein by reference. In order that those skilled
inthe art will be better able to practice the invention, the follow ng

exanpl es are giAgbldh WY dnditidriss brattbpry Qé't%brgﬂirg%a‘f@yre%ﬁoﬂ itm.eéaihi on.
abor

Exanpl es Pol yneri zation Reaction: A typical tory reaction recipe and
reacti on Gen@rali Gealeahie i indicunegrcipel paceTes cragy sous dhutbommerialbe

pr epar ed LWL . 0 rQ brom,de.,and 10.9 g of di-n-butyl
amne in Wéﬂjém‘ﬂﬁ%ﬁ%ﬁe@e %@é@ang?@%f’? P'éﬂi ] f%@'il‘erred to a one liter
stirred glass reactor equipped with an internal cooling coil and inlet

t ubes for opuigeatiamd nmononer. A rapid stream of oxygen is introduced near
the bottom of the reactor and a solution of 70 g of 2,6-xylenol in 100 m
of tol uen:ﬂe its aFIded through 3 teri nqqépﬁtg ,. over a quri od of fifteen
mnutes, 1®HREEEIPAFY YERFTeHSOPRAT SRtalyslovas rpmplaxedeby thenaddition ned
nitiallyonta BonyicdAf fie ARAIIARSICABG! AWRASIS y
circul ating wat g#j froma cp_ns!t%'_-nf&?gn%gsa ure}jggtﬂﬁ?rﬁ?gagﬁ Fﬁ@d(’i:%gv ng
coil. MoReelt irorgder gheoltiilize it i theradueooadinvichpdseored with a typica
reaction time to target I.V. of about 100-107 m nutes. 15 :

Mixing time: ca.70 min.

Temperature: ta. 55°C

Removal of complexed catalyst:

Typical conditions for a liquid/liquid centrifuge on a commercial scale are as
indicated below.

PPE solution feed rate to the 1% L/L centrifuge: | 10 m¥hr

water feed rate to the 1% L/L centrifuge: 100-200 I/hr

PPE solution feed rate to the 2" L/L centrifuge: 0.5-0.8 m*hr

water feed rate to the 2™ L/L centrifuge 100 Ithr

16



4 August 2003 WD 00/46273 PCT/ US99/ 29059 Al t hough the condi ti,ons e for a
| aboratory scale reaction they in general scaleable to corr%éﬁ”@f"atlaio‘ae’

processes carried out in conmercial equipnent wthout undue burden by one
of skill in the art. Equilibration: In the glass reactor vessel, the copper

catal yst w0 WstHPexed by the addition of a conpl exant |i kdCT/US99/29059
nitrilotriacetic acid (NTA) or other copper conplexing agent in order to
solubilize it in the agqueous liquid phase. Mxing tinme: Tenperature: ca.70

ol ubi 1z¢ it In t , | ! ren _
mn. ca. Bgflc m«@haaoxatmrmicemﬁp@aé@hixﬁtts aéfaf@m.f&%ftef’%ﬁ%g! ‘Oge?netﬁf?{ggf‘ow_ PPE

quuid/liguid entrlfuge on_a commerciral scal e are as i C

sol ution FEEHaEL3S (Y @lel 900 ppm and roppeuee lowl @s B2 ppmaSerpristagly itat e t o
the 1 S [ . 5 [ Lhr. P lLution feed rate to the 2"d L/L
centrif ug\gb%qgﬂ%a éhﬁgﬁ?{%qg% g:(rgmf Ee’%cfegg&cﬁ@g ?%taﬂg’ Prec i certifaso 1/ hr
16 4 AuguwithQU0Beyai 0D/ 62T 30k USRSS 29058pakufios adr BRRIISIHA! fo‘%faﬁbna“d

copper c nts achieved after the 1St centrifuge are water as [ow as 1500
ppm and g@bgﬂg%gh%%? %h@"ﬂ“%ﬂﬁlt'@ﬁr%ﬁ%ﬁ“ﬁ@l%IF-‘W- In the feed to the 2

centrifuge only water, without additional NTA is added.
Preconcentration:

Typical conditions for a commercial scale are as follows. The PPE containing
solution is preheated to a temperature of at least 240°C a pressure of ca. 40
bar. The solution is flashed to low pressure in a flash vessel a PPE solids
content of at least about 65 %. The high solids level is desirable to reduce the
solvent load to the total isolation equipment that would have been present
without preconcentration. Typical conditions are tabulated below:

P befo_re the flash vessel: 40 bar

T before the flash vessel: 245 - 260°C

'| Feedrate to the flash tank: | 0.7-.87 ton/hr

T after-the flash vessel 114 - 126°C

Total isolation:

The isolation is preferably carried out in a devolatilizing extruder. The
preferred devolatilizing extruder is a co-rotating twin screw extruder with a
backfeed capability. Multipie devolatilizing venting sectibns are preferred to
achieve low volatiles content.

17



was found that the feed can be recirculated constantly over the centrifuge, .
wi thout negative effect on the ease of separation or enul si 6AUgEFtR0BoN

t endency, hence achieving nultiple extraction steps. In the feed to the 2nd
centrifuge_only water, w thout additional NTA is added. Preconcentration:
Typi cal coW&'i“t“%B?ﬁ for a commercial scale are as fol |l ows. THETAPESS/29059
containing solution is preheated to a tenperature of at |east 240C a
pressure of ca. 40 bar. The solution is flashed to |low pressure in a flash
vessel a PPE solids content of at |east about 65 % The high solids |evel
is desirable to reduce the solvent |lead to the total isolation equipnent

t hat woul 4 hayv n. present i t hout preconcentration. Typical conditions
are tabul i@’@'&iﬁ&ﬁﬁ?s greo'&dlﬁaée et té‘?% QRIeWel : 40 bar T before the flash
vessel : 245 - 260C Feedrate to the flash tank:0.7-.87 ton/hr T after- the-
flash vesgelohk4t - 126C T (afodgee] ationl | The isolation is preferably
carried put in a devolati|izing extruder] The preferred devolatilizing
extruderiis a co-rotatingltwin screw extruder with a backfeed capability.
Mul tiple| deaoseaki|izing veoaiZpeSectionsjare preferred to achieve |ow

vol atiles content. 17 4 August 2003 WD 00/ 46273 Typical settings are

i ndi cat ep= he—t-abte—pel-ow—IF—2zone—lca{ 200C T zone 2ca. 200C T zone -3ca.

bo0e T ZBne'S ca. 200°C
T zone 4 ca. 195-200°C
Tzone 5 - ca. 185-200°C J
T zone 6 ca. 200°C
Tzone7 ca. 200°C
T zone 8 ca. 200°C
'f zone 9 ca. 200°C
P back vent ca. 0.8 bar

P 1t vacuum vent ca. 0.8 bar

P 2" vacuum vent | ca. 0.7 bar

P 3" vacuum vent ca. 0.72 - 0.75

bar
Screw rpm ca. 294
Extruder Torque ca. 30-38%

18



T zone 4ca. 195-200C T zone 5ca. 195-200C T zone 6ca. 200C{ zone 7ca. 200C.
£ugyst 2003

T zone 8ca. 200C T zone 9ca. 200C P back ventca. 0.8 bar P

ventca. 0.8 bar P 2"d vacuumventca. 0.7 bar P 3rd vacuumventca. 0.72 -
0.75 bar Screw rpnta. 294 Extruder Torqueca. 30 - 38 % PCT/ US99/ 29059 18 4
August 200@0WD:4807346273 PCT/ US99/ 29059 Extruder notor Anp c@crifsesdied |t
was unexpected that such very | ow tenperatures could be used while still

mai nt ai ni ng excellent | ow residual solvent levels in the end product. PPE
grades k i i ~\V—g of at least 0.28 dl/g are

I sol at ed - 8MadFCsi mil ar conditions. Qther confi gur ations
and nodifications can be , I1ke different size and nunber of
venting ports, other screw design, sequence of feed and venting sections.
~Al'so the preheated feed solution can be added in any solvent concentration

with flashing either partI%/ or totally in the devol ati zi ng
It was unexpected that such very low temperatures could be used while still

maintaining excellent low residual solvent levels in the end product. PPE
grades known in the art and having .V.'s of at least 0.28 dl/g are isolated at

300°C or above under similar conditions.

Other configurations and modifications can be used as well, like different size
and number of venting ports, other screw desigr'f sequence of feed' and
venting sections. Also the preheated feed solution can be added in‘ any
solvent concentration with flashing either partly or totally in the devolatizing

extruder,
Pelletization:

The low melt strength of the low molecular weight PPE’s requires special
pelietization techniques compared to normal IV grade PPE materials. The
table below shows typical settings for the underwater pelletizer:

Product throughput: ca. 240 kg/hr

Melt pump feed | ca. 6 bar

pressure:

Melt pump product | ca. 95-100 bar

pressure:
Die temperature: ca. 300°C
Water addition rate: ca. 10 m¥hr
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extruder. Pelletization: The low nelt strength of the | ow nyl I I ght
PPE's requires special pelletization techniques conpared %Aﬁ@ﬁﬂooﬁ@
grade PPE materials. The table bel ow shows typical settings for the
underwat er pelletizer: Product throughput:ca. 240 kg/hr Melt punp feed ca.
6 bar pres¥R¥H44 t punp product ca. 95-100 bar pressure: DPET/US99/29059
tenperature:ca. 300C Water addition rate:ca. 10 n8/hr 19 4 August 2003 WO
00/ 46273 Rotating knife rpmca..3600 Water tenperature:ca. 90C Centri fugal

dryer rpmca. 4# - Hﬁﬁ 059~ TE;, PRIgFEt T zed—tow nol ecul ar wei ght  PPE,
which is i nheremélt%/ﬁn\yery ¢| ttle, ﬁaﬁ%;ﬁgggt edly hadja | ow content of fines.
Fines levels ot_less than 3% by I ght bel ow 850 njcron, preferably |ess

than . 2% by wej gVater emdperasare: pr ef ledalgopCl ess than pbout 1. 1% by wei ght can
be achi eved by|the process. Modifii.cations are achipvable w thout undue
experi nent ati of j sian rotating knife speed, tenperature and

h—of—the die design,
t hr oughput , t hpCEBHIfHgRldyRr EPBan |wa. 450

The pelletized low molecular weight PPE, which is inherently very brittle,
unexpectedly had a low content of fines. Fines levels of less than 3% by .
weight below 850 micron, preferably less than .2% by weight, and most
preferably less than about 1.1% by weight can be achieved by the process.
Modifications are achievable without undue experimentation of the die design,
rotating knife speed, temperature and throughput, the particle size cén be
readily controlled to desired values. |

In order to further highlight some of the unexpected results obtained in the
present process, the following tables compare various properties and
characteristics obtained for low molecutar weight PPE as compared to a PPE
having an LV. of 0.48 di/g prepared as described by methods known in the
art.

~ The table below compares two batches of iow molecutér weight with an

end of reaction |.V. of about 0.11 dl/g to a batch of high molecular weight PPE
having an end of reaction L.V. of about 0.48 dl/g. After equilibration, the 1.V. of
the high molecular weight has dropped by approximately 20% whereas the
low molecutar weight PPE batches have remained constant within
experimentai error of the test method. After the PPE samples had been
treated to thermal processing in the melt, the low molecular weight PPE
_ samples again remain fairly stable in |.V. with less than 5% increase in I.V.
Conversely, the high molecular weight PPE has an increase in 1.V. from about
0.38 after equilibration to about 0.485 after melt processing, an increase of
about 25%. It was uhexpected that the low molecular weight PPE prepared in
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readily controlled to desired values. In order to further | i one of
thégf‘ gﬂoﬁ

t he unexpected results obtained in the present process,

tabl es conpare various properties and characteristics obtained for Iow
nol ecul ar wei ght PPE as conpared to a PPE having an |.V. of 0.48 dl/g
prepared a¥QU&EeTdhed by nethods known in the art. The tabl BCHEWNF9059
conpares two batches of |ow nolecular weight with an end of reaction |.V.
of about 0.11 dl/g to a batch of high nolecular weight PPE having an end
of reacti gie lprésed prcss Qotd Hava- A7 19 tﬁﬂﬁ'vla'rlﬁﬂa%ds% atnh%bbuﬁS"Pf the
hi gh nol ecul ar wei ght has dropped by approxi mat el A) ereas t

mol ecul ar thweughoutregulibratioss andyhermahi medesﬁ)mt(@eatmgtrhtm thexmelti ioent aI

error of t he. PPE s d been tr ated

t her nal prag%é?%g“mgtsh@ ‘?%‘P‘?t 2@ ﬁ'émf’g?ﬁ %% %Pﬂh‘fﬂ a"s‘é( E"és agai n
remai n faiy b 1 han 5% increase in |.V.

Conver sel yhh)thaztsﬁlbg fb’nhlgcu %&3@{31?@%@’5 has an increase in |.V. from
about 0.38 after equilibration to about 0.485 after nelt processing, an

i ncrease of about 25% It was unexpected that the | ow nol ecul ar wei ght PPE
prepared in 20 4 August 2003 WD 00/ 46273 PCT/ US99/ 29059 t he present
process would have an. IN that varied | ess than about 5% throughout

equi libration and thermal processing (heating into the nelt for about 0.2

m nutes to about 20 minutes, ca. 200C for |ow nol ecul ar weight and ca.
300C for high nolecular weight). 21 4 August 2003 WD 00/ 46273

el
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29059 IN, at end of J.V. after |.V. after thermal ,RB ust 2003
Cpiclégrszgi:t lon (dllg)equilibration processing (dlilg)(dllg) b0m15ﬁ0| ecul ar
wei ght 0.1130.1150.116 - 0.122 PPE batch | Low nol ecul ar wei ght I
0.1140. 11 - .0.122 PPE batch 2 Hi gh nol ecul ar 0.480. 380. 4?@'%98\,\%'1’0959

It shoul d6%g][‘]°?‘827|; fromthe data in the above table that th&h )

i nvention include a nethod to prepare a | ow nol ecul ar wei ght PPE tha]t aE

| ess than about 3% change in |.V. through equilibration. It should a Iso e
clear that the present invention also jncludes a nmethod to prepare a | ow

i Iess t han about 5% change in |.V. after
nol ecul ar wei ght PPE t hat has o oans i an Pt hor e e Lt ehor 8 al so

ng lci leJ;' H%Eagﬁéﬁ%t “iotrjgggm Illvn{;é%té”ﬁﬁ fldMides aal&PE iNatafﬂealsgélgBa fhgp
about 3% change in |.V. threagpreg Hg 'tre%uh‘BPath hFoShou ° E ﬁavi n
that the|present process &lso includes ol'yphenyl e resi 9
| ess thah about a (dig) (difg)

Low molecular weight | 0.113 0.115 0.116-0.122

PPE batch 1

Low molecular weight | 0.114 ' 0.116 0.116-0.122

PPE batch 2

High molecular | 0.48 0.38 0.485

weight PPE

it should be clear from the data in the above table that the present
invention include a method to prepare a low molecular weight PPE that has
less than about 3% change in LV. through equilibration. it should aiso be
clear that the present invention also includes a method to prepare a low
molecular weight PPE that has less than about 5% change in LV. after
equilibration and through thermal processing. Furthermore, it should also be
clear that the present invention includes a PPE that has less than about 3%
change in LV. through equilibration. Also it should be clear that the present
process also includes a polyphenylene ether resin having less than about a
10% change in intrinsic viscosity after an equilibration step following the
oxidative coupling and after a thermal treatment at 200°C for about 0.2
minutes to about 20 minutes.

The table below compares the level of copper remaining after the
catalyst extraction steps. As can be seen from these data, the low molecuiar

weight PPE has less than half the amount of residual copper remaining in the
22



10% change in intrinsic viscosity after an equilibration stg ufoI Iﬁg@ng t he.
oxi dative coupling and after a thermal treatnent at 200C for a%ﬂt C2

m nutes to about 20 m nutes. The table bel ow conpares the |evel of copper
remai ning after the catalyst extraction steps. As can be seen fromthese
data, the PERWUEPECUl ar weight PPE has less than hal f the &GIRR9939059

resi dual copper renmaining in the 22 4 August 2003 WD 00/ 46273

PCT/ US99/ 29059 final isolated product. It was unexpected that the I.V. of

t he PPE wdinalliseated prodet, eittwasonndxpeicasd mat &Hf@l.vabﬁkwéb#@%‘(@ halEE

G adeppm Cu P, Cagm.(:u final prod%ct solution after 1 S centritugé Low

nol ecul ar %‘?g‘ﬁ oL IMpreying PREatlyatremavg) H gh ol ecul arca. 5ca. 8 wei ght
PPE (0.48 dl/g) The table bel ow conpares the devol atilization extruder
tenperature range and residual toluene level remaining in the final
isolated PPE. It was unexpected that the extruder could be operated at a

| ower tenperature range and obtain residual solvent levels that are as
good or bétREGCredan obt ai ne@pmwi tGuhi GFE | ppp@u &inar seduet @ hi gher (0. 48
l.V.) noljecul ar wei ght PPE, bgl[u Sho | d i@ noted that the extjruder cannot be
operatedjat the | ower tem)g gPed ‘ﬁg Mth 0.48 |.V. PPE|w thout

exceedi ng the torque ratingcentrifuge

Low molecular weight { 0.2 - 2 1-3

PPE (0.11 dl/g)
High molecular | ca. 5 ca. 8
weight PPE (0.48

dl/g)

The table below compares the devolatilization extruder temperature
range and residual toluene level remaining in the final isolated PPE. It was
unexpected that the extruder could be operated at a lower temperature range
and obtain residual solvent levels that are as good or better than obtained
with "higher temperatures for a higher (0.48 [.V.) molecular Weight PPE. It
should be noted that the extruder cannot be operated at the iower
temperature range with 0.48 L.V. PPE without exceeding the torque rating of
the machine.
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the machine. 23 4 August 2003 WO 00/46273 PCT/ US99/ 29059 PPE %ggez@égruder
zone ppmtoluene in final Tenperature rangeproduct Low nol ecé\ rwer ght 195-
200C260 - 450 PPE (0.11 dl/g) Hi gh nol ecul ar245 - 300Cca. 300 - 500 wei ght
PPE (0. 48 %669/46 ﬁe followi ng table conpares the | evel of dibutylam ne
(DBA) ‘incorporated in the | ow nol ecul ar wei ght PPE of the pYe%¥ft9/29059

I nvention as conpared to the |evel incorporated into high nol ecul ar wei ght
(0.48 1.V.) PPE. It was unexpected that such Iow levels would remain in
the | ow nol ecular weight PPE. It should be clear fromthese data that the

present process affords a nore cost effective and environnentally friendly
PPE proc a—t+targer—piaport+en—eof +thedi-butylamne remnins with the
sol vent J’F’%@ﬁ"ﬁﬂﬁ can  be| FEUYYEF ed af@PdBRMedtolpge GrindefiBal cont ent of

final praduct Low nol ecul ar TeeigdMhRird Pafad- 90 PPE (0.11 dI/g)| High
nol ecul arf0.9 - 1.0 % wei gh PPIgE(?O. 58 angeo F?rgd"'%tp

| Low molecular weight | 195- 200°C 260 - 450
PPE (0.11 di/g)

High moiecular | 245 - 300°C ca. 300 - 500
weight PPE (0.48 _
di/g) :

_ The following table compares the level of dibutylaminé (DBA)
incorporated in the low molecular weight PPE of the present invention as
compared to the level incorporated into high molecular wéight (0.48 1.V.) PPE.
It was unexpected that such low levels would remain in the low molecular
weight PPE. [t should be clear from these data that the presenf process
affords a more cost effective and environmentally friendly PPE process as a
larger proportion of the dibutylamine remains with the solvent stream and can
be recovered and recycled.

PPErGrade DBA content of final

product

Low moiecutar weight | 0.15- 0. 28 %
PPE (0.11 di/g)

High molecuiar | 0.9 - 1.0 %
weight PPE (0.48
dl/g)
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i nvention includes a process to make |ow LV. PPE having an i

am ne | evel of |ess than about 0.3% by wei ght based on the weight of the
PPE. These_and ot her enbodi nents shoul d be apparent fromthe disclosure
cont ai ned KE&Y4627325 4 August 2003 O aims: Wiat is clai ned: BCT/HS99/2808ss to
produce a pol yphenyl ene ether resin having an intrinsic viscosity between
about 0.08 dl/g and 0.16 dl/g when nmeasured in chloroformat 25C said
process conpri sitmg, dke gmeseret inoeMidmMthdubes a' aeksOT $AbkE IQD &) bEast one
nmonoval ent, phenol .speci es using an oxygen contal ning gas and a 'con%l ex
metal cat 413419 89 "b$%89&3ée 35iNg deieatydfdaes thamebouesidv, aviveigabasalr i nsi ¢
Vi SCOsi tydﬁm@i‘,@eibhgoﬂﬁgg;qggf about. 0.08 dl/g to about 0.16 dl/g as
measured in chloroformat 25C;, recovering the conplex netal catalyst with
an aqueous_containing solution and isolating the polyphenylene ether resin
t hrough dd\f§sgat and zathesnemboteemtsashouid beolappaient 2frofdl&nar ?gs%&%upé claim
1, wherei r&oh%égg‘gﬁéﬁf further conprises an equilibration of a netal

chel ating agent " wih the conplex nmetal catalyst. 3. The process accordi ng
to claim2, wherein the intrinsic viscosity of the '

dl/g) 24 4 August 2003 WO 00/46273 PCT/ US99/ 29059 Thus, the49{ gag Ob
i N€o [raﬁorgt ed
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pol yphenyl ene ether resin after the equilibration has |ess 0%
change in intrinsic viscosity as before the equilibration. %?‘%H%#g/cess

of claim1, wherein the devolatilization is acconplished at |east in part
with a devolatilization extruder. 5. The process of claim4, wherein the
devol atilization extruder is at |least partly operated at between about
185-220C. . 6. The process of claim4, wherein the reaction solvent has a
solids level of at |east about 65% before feeding into the
devolat|I% Eiinison extruder. 26 4 August 2003 7. The process of claim1,
wherein the pol yphenyl ene ether resin has |less than about a 10%drop in
intrinsic viscosity after an equilibration step follow ng the oxidative
coupl i ng.W8at IBrelaipmexdess of claimi1, wherein the pol yphenyl ene ether resin
has | ess . than about a 10% change i'-n intrinsic viscosity after an
equilibration step follow ng the oxidative coupling and after a thernal
treatnment at 200C for about 0.2 mnutes to about 20 m nutes. 9. The
process of claiml wherein the nonoval ent phenol species conprises

2, 6- di metlhyApprivelss 0 prddieceP 20 9eRphehylehai Siber Weireinavirie aihOir}fﬂhﬁgyl ene

et her resin has an incorporated am ne content of |ess than about 3% by

wei ght base¥sepsit I@Wéﬁ@h@b@#t 08 pﬂl%/p’ﬁ%)ﬂ thedlig Hehen egieasuned iMhe

P part wioSiatddn 4128 G 1R BN OARES R GRBHGR Brlile a8 2er 1o,
A net hod. t OreRICEBASBILAIOPCADIBASONE RforRivARInt Phhb| spedieS 8ileas otxggenabout a

10% drop in intrinsic viscosity after equilibration, said method”conprising
oxi dat i ve cRRIRINNG UAS Anded Coniex snetal satakist ite Hedere anpeligpherylenghenol

ether resin having an intrinsic viscosity within the range of about 0.08 di/g
to about 0.16 dlfg as measured in chloroform at 25°C; recovering the
compiex metal catalyst with an aqueous containing solution and isolating
. the polyphenylene ether resin through devolatilization of the reaction

solvent.

2. The process of claim 1, wherein the process further comprises an
equilibration of a metal chelating agent with the complex metal catalyst.

3. The process according to claim 2, wherein the intrinsic viscosity of the
polyphenylene ether resin after the equilibration has less than a 10%
change in intrinsic viscosity as before the equilibration.

4. The process of claim 1, wherein the devolatilization is accomplished at
least in part with a devolatilization extruder.

5. The process of claim 4, wherein the devolatilization extruder is at least
partly operated at between about 185-220°C.

6. The process of claim 4, wherein the reaction solvent has a solids level of
at least about 65% before feeding into the devolatilization extruder.
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speci es using an oxygen containing gas and a conpl ex netal gz@al st to
produce a pol yphenyl ene ether resin having an intrinsic vis OYSE2P8hi n
the range of about 0.08 dl/g to about 0.16 dl/g as neasured in chloroform
at 26C, equilibrating a netal chelating agent with the conpl ex netal
catalyst to prepare a chelated conplex nmetal catal yst; recovering the

chel ated conplex netal catalyst with an aqueous containing solution; and

i solating the polyphenyl ene ether resin through devolatilization of the
reacti on 7.sdhgepracess. ofTelginet, nulierein’ dhelipelyphentileng etheolrgpinengs dess et her

resin that S less, t about. a.10%.draop in ingrinsic vi.scosity, after
caul 1 brat | GhEn 2Powt 4,0t “SRBs L ITtANE Visedry BRSLAR ARUBBGABRLERH he
nonoval ent  phiRehg 306 ekRIative @BRplisgs 2, 6- di net hyl phenol . 15. A nethod to
reduce the yell owness index of polyphenyl ene ether resin, wherein the

met hod conprises oxidative coupling in a reaction solution at |east one
nonoval en?. pgihenprocess @feddaiiy il gvharesk g Robypreryienaetyas resin has fesspl ex

nmet al cat al d : [ AL an_dntrinsic
i scosi ty wiid ROPRE ST i A B FRAhBE ity el o, B BRegiofGstele
neasured i n{glitnwangtis Bxriativl CoubRe eat! dfterta therarap restieheht 200 Y&t with
an aqueous contai ning solution and isolating the polyphenyl ene ether -
.resin t hr oagauti@2oniutes inebeut 20 mimgeseacti on sol vent, wherein the

devol atilization is acconplished at least in part with a devolatilization

ext 1 uder o TRLBFREEE B ofih TRREAN ife HHyalI] MY $BL8Es chihorbag: method

of claim’l C rrsin erwater pe 1Zatl o
pol ypheny| e@é-dinmethylpbenol. 17. The nethod of claim 15 wherein the
yel | owness i ndex of the

10. The process of claim 1 wherein the polyphenylene ether resin has an
incorporated amine content of less than about 0.3% by weight based on
the weight of the polyphenylene ether resin.

11. The process of claim 1 wherein the devolatilization is accomplished at

least in part with a devolatilization extruder and an underwater pelletizer.

12. A method to prepare a polyphenylene ether resin that has less than about
a 10% drop in intrinsic viscosity after equilibration, said method comprising
oxidative coupling in a reaction solution at least one monovalent phenol
species using an oxygen containing gas and a complex rﬁetat catalyst to
produce a polyphenylene ether resin having an intrinsic viscosity within the
range of about 0.08 dl/g to about 0.16 di/g as measured in chloroform at
25°C; equilibrating a metal chelaﬁng agent with the complex metal catalyst
to prepare a chelated complex metal catalyst; recovering the chelated
complex metal catalyst with an aqueous containing solution; and isolating
the polyphenylene ether resin through devolatilization of the reaction

solvent.

13. The method of claim 12 wherein polyphenylene ether resin that has less
than about a 10% drop in intrinsic viscosity after equilibration.
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pol yphenyl ene ether resin is | ess than about 30. 18. The proc sﬁﬁoﬁ%ai”] :
15 wherein the nonoval ent phenol species conprises 2,6-dinmethylphénol. 19.
A nmethod to reduce the nunber of fines having a particle size |l ess than
about 850 m cron in polyphenyl ene ether wherein the nethod conprises
underwat er pelletization of the pol yphenyl ene ether resin. 20. The nethod
of claim 18 wherein the pol yphenyl ene ether resin has an intrinsic
viscosity within the range of about 0,08 dl/g to about 0.16 dl/g as

measured in | orof orm at 25C. 21. )rocess to produce a pol yphenyl ene
ether resilf %E@i ﬁ@efﬁog} &’%scﬁ"ﬁnsﬂizt i‘@hgrel'bn%‘@r dnanevalant mhenghgspesieabout
150C to abou 4 g 4 August 2003 conprising oxidative
coupling in gorfggé%sl gf}&' g%@?@’ﬁé&aﬁ east one nonoval ent phenol species
usi ng an oxygen containing gas and a conplex netal catalyst to produce a
pol yphenyl16nA methed tesedudm ifieyyelowness indesi of yobphenylenel ethien rebin, r ange
of about 0.08 dl/g,to about 0.16.dug as ..nmeasured .in chlqroformat 25C
recoveri ng-tWQe%ﬁﬁﬁ‘%W PQICO@&Qréﬁeﬁs?x'aW\f%c%’P@@dE’o%§e%t3mna$9{mﬂ%n &l ution
and i sol at i ngakhend PhoriaripHerdl Bbcies iy SR'0RYGEN ¢BHRliAhD! dabh@n of
the reaction solvent. 22. Thgj]%r ocegsc'of C|d§ m Zlyglhe(régi E\H'?hg %o y'lf)ﬁenyl ene
et her resin agompex imelal pataiysidoaprodece anpolyphenyleassethbamesib cavitg 3% by

brocess of - cramibE it Wih e Rehad OF BKbE06 o8 8 0 B8Rl BYe AU, gua
vol ati | es | exeheisutebm EMarfoRn gt 2660; RUHVBARE dhe RoifeXridal cabiyst he

pol yphenyl ene ether resin. 24. A process to produce a Fol yphenyl ene et her
resi n havi ngvidhh anragquegsisccontaining solution and isolating the polyphenylene ether

resin through devoiatilization of the reaction soivent, wherein the
devolatilization is accomplished at least in part with a devolatilization

exfruder maintained at a temperature less than about 275°C.

16. The method of claim 15 further comprising underwater pelletization of the

polyphenylene ether resin.

17. The method of claim 15 wherein the vyellowness index of the
polyphenylene ether resin is less than about 30.

18. The process of claim 15 wherein the monovalent phenol species
comprises 2,6-dimethylphenol.

19. A method to reduce the number of fines having a particle size less than
about 850 micron in polyphenylene ether wherein the method comprises
underwater pelletization of the polyphenylene ether resin.

20. The method of claim 18 wherein the polyphenylene ether resin has an
intrinsic viscosity within the range of about 0.08 dli/g to about 0.16 dl/g as

measured in chloroform at 25°C.

21. A process to produce a polyphenylene ether resin having a glass transition

temperature in the range of about 150°C to about 160°C, said process
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viscosity between about 0.08 dl/g and 0.16 dl/g when neasurg%dg&ﬂ2003
chl oroform at 25C, said process conprising oxidative coupling In a
reaction solution at |east one nonoval ent phenol species using an oxygen
containing gas and a conplex nmetal catalyst to produce a pol yphenyl ene
ether resin having an intrinsic viscosity within the range of about 0.08
dl/g to about 0.16 dl/g as neasured in chloroformat 25C, recovering the
conpl ex netal catalyst with an aqueous contai ning solution and isolating
t he pol yphenyl ene gt her .resin thr%ggh_devolatiLization of the reaction

sol vent, wheF@MRISING \xidafive: ¢Unlindedn p8l yBRENRN chdlutioheat r lB8sh pPBeover

cl ai m 24 whor By VRl fndl SPRCRS2LSN BoeAyokh! bodtEfhingSgas "and" geess ©f
complex metal catalyst to produce a polyphenylene ether resin having an
intrinsic viscosity within the range of about 0.08 di/g to about 0.16 dl/g as
measured in chloroform at 25°C; recovering the complex metal catalyst
with an aqueous containing solution and isolating the polyphenylene ether

resin through devolatitization of the reaction solvent.

22. The process of claim 21 wherein the polyphenylene ether resin has an
incorporated amine content of less than about 0.3% by weight based on

the weight of the polyphenylene ether resin

23. The process of claim 21 wherein the polyphenylene ether resin has a
residual volatiles level of less than about 600 ppm based on the weight of

the polyphenylene ether resin.

24. A process to produce a polyphenylene ether resin having an intrinsic
viscosity between about 0.08 dl/lg and 0.16 dl/g when measured in
chloroform at 25°C, said process compriéing oxidative coupling in a
reaction solution at least one monovalent phenol species using an oxygen
containing gas and a complex metal catalyst fo produce a polyphenylene
ether resin having an intrinsic viscosity within the range of about 0.08 dl/g
to about 0.16 di/g as measured in chioroform at 25°C; recovering the
complex metal catalyst with an aqueous containing solution and isolating
the polyphenyiene ether resin through devolatilization of the reaction
solvent, wherein the yield of isolated polyphenylene ether resin is over

90% based upon the amount of monovalent phenol utilized.

- 25. The process of claim 24 wherein the vield is over 95%.
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